We present data of proper motions of OH masers in the massive star-forming regions ON 1, K3-50, and W51 Main/South. OH maser motions in ON 1 are consistent with expansion at approximately 5 km s −1 , likely tracing the expanding ultracompact H II region. Motions in K3-50 are faster and may be indicating the final stages of OH maser emission in the source, before the OH masers turn off as the H II region transitions from the ultracompact to the compact phase. W51 South shows indications of aspherical expansion, while motions in W51 Main are more difficult to interpret. Nevertheless, it appears that the relative projected separation between W51 Main and W51 South is decreasing, corresponding to an estimate of enclosed mass of at least 1500 M ⊙ , consistent with estimates derived from millimeter-wavelength dust emission. We confirm the ∼ 20 mG magnetic fields previously seen in W51 Main, which may represent the upper end of the density range allowable for 1665 MHz maser emission. Magnetic field strengths and directions, obtained from Zeeman splitting, in each source are consistent with values obtained in the first epoch four to nine years ago.
INTRODUCTION
Maser proper motion observations are a useful tool for understanding the environment of nascent high-mass stars. Masers serve as bright, pointlike tracers of the conditions in the surrounding molecular material, and detecting proper motions allows the observer to determine the characteristics of the velocity field on small scales. Water maser proper motions have been observed for a quarter century (Genzel et al. 1981a,b) , and methanol masers are increasingly being observed for proper motion experiments as well (e.g., Moscadelli et al. 1999; Minier et al. 2001) . Hydroxyl (OH) masers are common in massive star-forming regions (SFRs), but proper motions of the ground-state OH transitions at λ = 18 cm are more difficult to detect because the angular resolution of a radio array scales inversely with wavelength. For this reason, only a few massive SFRs have observed OH maser proper motions: W3(OH) (Bloemhof et al. 1992; Wright et al. 2004) and W75 N (Fish & Reid 2007) using very long baseline interferometric (VLBI) techniques, and the nearby sources Orion (Migenes 1989) and Cepheus A (Migenes et al. 1992 ) using connected-element interferometry. When available, VLBI observations are preferred due to the much smaller synthesized beam size, which allow for more precise positional measurements and reduced blending of maser spots within the synthesized beam.
Of these sources, the best studied is W3(OH). Bloemhof et al. (1992) clearly established that the OH masers are expanding at 3-5 km s −1 , which is also the expansion rate of the ultracompact H II region with which they are associated (Kawamura & Masson 1998) . The maser locations and slow expansion support the Elitzur & de Jong (1978) model in which OH masers form between the ionization front of an H II region and the shock front ahead of it. Later observations by Wright et al. (2004) confirm the expansion and detect a rotational component to the motion as well, which is supported by VLBI observations of the 6.0 GHz excited-state OH masers in W3(OH) (Fish & Sjouwerman 2007) .
This work is motivated by the question of whether expansion, as seen in W3(OH), is the dominant mode of OH maser motions. A recent VLBA survey of the OH masers in massive SFRs provides an adequate starting point and a first epoch of positional data for a larger sample of proper motion measurements (Fish et al. 2005a ). An analysis of the proper motions in one source, W75 N, has already been published (Fish & Reid 2007) . In this article we present proper motions determined from a second epoch of observations of the three sources with the simplest proper motions: ON 1, K3-50, and W51 Main/South.
It is important to know the distance to a source in order to convert proper motions, measured in angle units, into velocities. Distance measurements toward some sources span a wide range of values. We have adopted a distance of 3.0 kpc to ON 1 (Araya et al. 2002) , although values quoted in the literature range up or down from this value by about a factor of 2 (e.g., Genzel & Downes 1977; Israel & Wootten 1983) . For K3-50 we have assumed a distance of 8.7 kpc; quoted distances range from less than 8.0 to 9.0 kpc (Harris 1975 and references therein). We assume a distance to W51 of 7.0 kpc (Genzel et al. 1981b ) for consistency with previous work, although more recent observations of H 2 O maser kinematics suggest a distance of 6.1 ± 1.3 kpc (Imai et al. 2002) , which is also consistent with this distance. Since velocities and lengths (in physical rather than angular units) scale linearly with distance, these quantities can be easily adjusted to correspond to better distance determinations in the future.
2. OBSERVATIONS AND DATA ANALYSIS Three sources were observed with the VLBA: ON 1 (G69.540−0.976), K3-50 (G70.293+1.601) , and W51 Main/South (G49.488−0.387). Both the 1665.40184 and 1667.35903 MHz main-line (F-conserving), ground-state ( 2 Π 3/2 , J = 3/2) transitions of OH were observed. In the first epoch, ON 1 and K3-50 were observed on two days with complementary uv-coverage (experiment BF064). Naturally- NOTE. -Results from the first epoch are already published in Fish et al. (2005a) .
weighted images made from the combined data have previously been published by Fish et al. (2005a) . The observations were taken with 125 kHz bandwidth divided into 128 spectral channels, for a velocity width of 0.176 km s −1 per channel. A second epoch of data (BF079) were obtained with identical observational parameters, with the exception that the LSR velocity was shifted by 3 km s −1 for all sources due to an error in observe file preparation. This was corrected in postcorrelation calibration. As for the first epoch, the data from the two days of the second epoch were combined before imaging. Observing parameters are summarized in Table 1 .
In the first epoch of data for W51 (BR039), a 250 kHz bandwidth was used instead in order to cover the larger velocity range of OH maser features in this source. Data for the second epoch (BF085) were taken using the same bandwidth but with twice the velocity resolution, providing a velocity width of 0.176 km s −1 per channel. In the second epoch, observations of the calibrator J1922+1530 were included for phase referencing. A cycle between the calibrator and source consisted of 80 seconds dwell time on the calibrator and 200 seconds dwell time on W51. The 1720.52998 MHz (F = 2 → 1) line of OH was also observed in the second epoch.
The data were reduced as described in the appendix of Fish et al. (2005a) . Images were self-calibrated using the brightest maser feature in one circular polarization of one transition, and this calibration was applied to both polarizations. Additionally, calibration at 1665 MHz was applied to the 1667 MHz transition. Therefore, the relative positions of masers in different polarizations in the 1665 and 1667 MHz transitions within the same epoch are extremely well known. The absolute positions of maser features in each epoch, and therefore the absolute motions of maser features between epochs, are unknown. However, we were able to obtain absolute coordinates for the masers in W51 in the second epoch.
In W51, a bright maser channel was used at 1667 MHz LCP and 1720 MHz RCP to phase reference the calibrator source J1922+1530. Periods of poor phase stability or large fringe rates were flagged, and images of J1922+1530 were made from the remaining data. The offset of J1922+1530 from the position in the VLBA calibrator list 3 was used to determine the absolute positions of the reference maser features as well as the relative alignment between the 1665/1667 and 1720 MHz maser data.
Maser spot positions were determined by fitting Gaussians to the brightest channel of emission for each feature. An alternate method of determining maser positions in each epoch is to use a flux-weighted average of the position across all 3 http://www.vlba.nrao.edu/astro/calib/vlbaCalib.txt spectral channels for a maser spot. However, the small advantage gained from the increased positional accuracy due to a larger integrated flux is offset by position wander across the line profile and by inclusion of weaker channels in the line wings, whose apparent positions are more apt to be affected by blending with nearby maser spots. As a test, maser positions in ON 1 and K3-50 were determined in both epochs using both methods. Within an epoch, individual maser positions obtained from the two methods agreed nearly always to better than 1 mas and frequently to better than 0.2 mas. Larger deviations were usually due to contamination in a line wing due to blending with a nearby (< 2 beam widths) maser spot. Since the brightest-channel method is simpler and less susceptible to contamination, this method was preferred. In any case, proper motion maps produced by the brightest-channel method were qualitatively similar to those produced by the total-flux method.
Maser motions were identified by aligning the two epochs of data and finding masers that matched closely in position, velocity, and dominant circular polarization. Source-scale motions can introduce offsets that differ with location in a map but are similar for groups of maser spots; these motions are of particular interest in this work. Velocity tolerances were typically about a channel width, with greater tolerance for particularly broad masers or weak masers whose line width could not be determined (usually due to lack of detection in three consecutive channels or spatial blending with another feature). Maser "echoes" (a weak detection at the same position and velocity but opposite circular polarization as a stronger feature; see Fish et al. (2006a) ) were excluded, as were any spots that could not be unambiguously identified with a single spot in the other epoch.
3. RESULTS 3.1. ON 1 Detected masers are listed in Table 2 and shown in figure 1. Our map agrees with that obtained from MERLIN data by Nammahachak et al. (2006) . We find masers near all but one of their features brighter than 610 mJy, although some of the masers in the western and southern parts of ON 1 are marginal detections (i.e., too weak to be detected above 7 σ in three consecutive channels) in our data. We recover 8 of the 11 Zeeman pairs detected in the first epoch and one component in each of the remaining three pairs (see Figure 19 of Fish et al. 2005a ). In two Zeeman pairs, the weaker component would be near or below our detection threshold in the second epoch, assuming the flux density did not change between epochs. We also find a new Zeeman pair at 1665 MHz (∆ RA = −965.68 mas RCP and −964.88 LCP) and an- Argon et al. (2000) . Coordinates are as in Fish et al. (2005a) . Numbers indicate magnetic fields in milligauss, with a positive sign indicating that the line-of-sight field component is directed away from the Sun. The value in parentheses is derived from assuming that overlapping masers in the same polarization but in different transitions are due to incomplete Zeeman patters with the same underlying magnetic field strength and systemic velocity. The LSR velocity range of the central cluster of OH masers is denoted, as is the velocity of the H76α recombination line (Zheng et al. 1985) . The bar indicates 1000 AU at an assumed distance of 3.0 kpc. other at 1667 MHz (169.53 RCP and 170.54 LCP) that were not present in our data from the first epoch. Magnetic field strengths are consistent to within 0.3 mG between epochs, with six Zeeman pairs indicating magnetic field strengths consistent to within 0.1 mG or better.
A reanalysis of data from the first epoch uncovers several spots missed in Fish et al. (2005a) . The far western region was not imaged; spots detected in this area in the first epoch reanalysis include an LCP feature at −857.56, 697.42, 15.17) and two RCP features at (−966.73, 665.93, 11.82) and (−874.67, 580.86, 11.65) , where spatial offsets are in milliarcseconds from the reference feature in the first epoch and LSR velocities indicate the velocity of the peak channel of emission in kilometers per second. Additionally, a very weak (76 mJy beam −1 ) LCP feature is found in a single channel to the southeast at (373.40, −410.27, 11.65) . This feature did not meet our detection criteria since it does not appear in two consecutive channels, but it does correspond to an identical feature detected in the second epoch, also very weak and only detected in one channel, and in the MERLIN observations by Nammahachak et al. (2006) . Figure 2 shows the recovered maser spectra for ON 1. In each spectral channel, the fitted maser emission is summed and displayed. This is different from total power spectra in that only emission recovered from fitting is summed; for in- stance, the recovered emission in a channel with no detected masers is identically zero. The spectra are qualitatively similar to those found in Argon et al. (2000) , noting their different flux convention and an erroneous 1 km s −1 shift in their spectra for this source only. Differences in the spectra are likely due to maser variability, although the Argon et al. (2000) spectra may underestimate total flux density when multiple masing regions are seen at the same LSR velocity (see their §5). Figure 3 shows a map of motions of maser spots detected in both epochs. Arrow weight and color indicate the random errors in velocity determination based on the signal-to-noise ratio in each epoch. There is also an absolute positional error associated with the registration of maser positions between epochs. As described in §2, our data are consistent with any map that differs from that shown by the addition of a single constant vector to all motions. Since our data were not phasereferenced, we do not know the absolute locations of our reference maser feature in each epoch (which is equivalent to the constant vector of motion of the reference feature). In Figure  3 , the constant vector has been chosen to minimize the total length of all vectors, weighted by the square of the effective brightness of each maser spot. This vector corresponds to a motion of −1.7 km s −1 toward the East and −1.5 km s −1 toward the North, in a frame in which the reference maser spot at the origin is stationary. The constant vector is not highly sensitive to the weighting used; weighting by the first power of the effective brightness or using constant (equal) weights for all maser spots results in similar maps to within ≈ 1 km s −1 . In order to minimize confusion, it is useful to clearly define several terms that will be used henceforth to quantify maser motions. Consider two maser spots, a and b, each detected in epochs 1 and 2. The separation of the two maser spots is defined to be Sep Bloemhof et al. (1992) , this allows a model-independent and non-parametric test for expansion or contraction. The distribution is biased toward positive shifts, indicating that net expansion is occurring. The expansion is even more noticeable when pairs containing two maser spots in the same group are excluded. The distribution of the change in separation of pairs containing two maser spots within the same group is centered near zero. This suggests that motions within a group are coherent, while expansion dominates on larger scales. A plot of this expansion is presented in Figure 5 , which shows the expansion velocity of pairs of maser spots (Sep (D = 3.0 kpc), or (434 ± 16) km s −1 pc −1 . Assuming that the motion of the masers near the southern limb of ON 1 is mostly in the plane of the sky, this suggests that the expansion velocity of the masers is 4 -5 km s −1 , comparable to a typical maser motion in ON 1 (Fig. 3) as well as the expansion velocity of the OH masers in W3(OH) (Bloemhof et al. 1992) .
Approximately 83% of maser motions are consistent with expansion (i.e., oriented in a semicircle away from the expansion center), with the remainder consistent with contraction. However, this is not a robust statistic, as the percentages depend on the constant vector of motion, which is not known a priori.
The H76α recombination line velocity of the H II region is 5.1 ± 2.5 km s −1 (Zheng et al. 1985) . This seems to suggest that the southern and central masers in ON 1 are redshifted with respect to the H II region and the northern masers are slightly blueshifted ( Figure 5 ). From the relative LSR velocities of the OH masers and the H II region, Zheng et al. (1985) concluded that the OH masers are still undergoing infall toward the central (proto)star. Indeed, the LSR velocity of the central group of masers is 13.1-13.9 km s −1 , which is redshifted compared to the central condensation. This maser cluster is probably located in front of the H II region, the core of which may be optically thick in continuum emission (Zheng et al. 1985) . (While the northern group and possibly some masers in the southern group appear to be projected atop the H II region as well, possible registration errors of a few tenths of an arcsecond between the maser and continuum maps prevent a definitive determination of their location along the line of sight with respect to the H II region.) However, optical depth effects may dominate determination of the systemic velocity from hydrogen recombination lines (Berulis & Ershov 1983; Welch & Marr 1987; Keto et al. 1995) . Indeed, the velocity as determined from ammonia observations is 11.6 km s −1 (Harju et al. 1993) . It is otherwise difficult to reconcile the net expansion we observe in the maser motions with the contraction that Zheng et al. (1985) deduce from their recombination line velocity. The difference in LSR velocity between the northern maser group and the rest of the masers can be explained if, for instance, large-scale rotation contributes to the maser motions as well.
The scatters in the proper motions in Right Ascension and Declination (µ x , µ y ) are σ µx = 0.85 mas and σ µy = 1.02 mas, respectively. At a source distance of 3.0 kpc, these correspond to a velocity scatter of σ vx = 3.2 km s −1 and σ vy = 3.8 km s −1 . The scatter in the distribution of the LSR velocities of the same set of masers is σ vz = 4.8 km s −1 , a value that does not change when the velocities of the central and southern clusters of masers are corrected for the effects of Zeeman splitting (i.e., "demagnetized"). This high scatter is almost entirely due to the fact that ground-state OH maser LSR velocities in ON 1 appear in disjoint velocity ranges centered near 4 km s −1 and 14 km s −1 , with no masers at intermediate velocities. It is not surprising that σ vy > σ vx , since the observed OH maser clumps are preferentially distributed in the north-south (Declination) direction. In any case, the uncertainty in the distance to the source corresponds to a factor of two uncertainty in σ vx and σ vy , precluding any conclusive determination of whether the expansion velocity of the masers along the line of sight is significantly different from that in either transverse direction.
K3-50
Detected masers in K3-50 are listed in Table 3 and shown in Figure 6 . The magnetic fields derived from Zeeman splitting have not changed since the first epoch of observations. We recover five of the six Zeeman pairs detected in the first epoch (see Figure 21 of Fish et al. 2005a ). The magnetic field strengths obtained in the second epoch agree with those obtained in the first epoch to 0.1 mG or better. This is within the errors in determining the central velocity of the σ-components of a Zeeman pair from our data. Magnetic field values are in excellent agreement with Zeeman pairs obtained from VLA observations in 1993 (Argon et al. 2000; Fish et al. 2003) . The recovered maser spectrum (Fig. 7) also closely matches the VLA spectrum of Argon et al. (2000) .
Proper motions of the OH masers in K3-50 are shown in Figure 8 . As for ON 1, we have chosen the constant vector to minimize the total of proper motion vector lengths, weighted by the square of the effective brightness. Figure 9 shows a histogram of the change in pairwise separation of maser spots in K3-50. As with ON 1, there is a general trend for maser separations to increase with time, indicative of expansion, although the magnitude of the motions is larger. About 60% of the motions are consistent with expansion (with the large caveat noted in § 3.1).
A major limitation of the analysis is that masers are found only at or near the northern limb of the H II region and offset to the east of the H II region. With such small areal coverage, it is difficult to draw conclusions as to the large-scale motions around the H II region. Nevertheless, it does appear that the motion of the eastern clump of masers is directed away from the H II region.
The environment of K3-50 A is complicated and energetic. From continuum and radio recombination line data, de Pree et al. (1994) report a high-velocity bipolar outflow at position angle 160
• with a velocity gradient of 6 km s −1 arcsec −1 across K3-50 A increasing from the southeast to the northwest. Hofmann et al. (2004) find evidence of at least ten stars in K3-50 A, including at least seven in the central square arcsecond. Mid-infrared imaging indicates that there may be three ionizing sources in the H II region, although none are coincident with the OH maser locations (Okamoto et al. 2003) .
W51
Detected maser spots in W51 South and Main are listed in Tables 4 and 5 1665/1667 MHz data because its spectral channel is free from other significant emission. The brightest maser at 1720 MHz RCP was used to determine the absolute positions of the 1720 MHz data. Zero right ascension and declination offsets in Tables 4 and 5 ′′ 395 (J2000). Formal errors in determining the positions of the calibrator and maser spot are on the order of 1 mas, although ionospheric effects and possible source structure in the calibrator likely limit accuracy to approximately 10 mas.
The relative alignment of the 1720 MHz data with respect to the main-line masers closely matches that of Gaume & Mutel (1987) and is broadly consistent with the alignment determined by Benson et al. (1984) . Our data indicate that the 1720 MHz masers are likely located several hundred milliarcseconds south of their locations in Argon et al. (2000) relative to the main-line masers. Our positions are also slightly south of the coordinates obtained by Gaume & Mutel (1987) after epoch precession.
The distribution of masers at 1720 MHz is unlike the distribution of main-line masers. Only six relatively weak (brightest 2.19 Jy beam −1 ) 1720 MHz masers are seen in W51 South, all in the west of the source. Magnetic field values are similar to, though slightly higher than, the magnetic field value obtained from the 1665 MHz Zeeman pair in this cluster. In contrast, there are numerous strong 1720 MHz masers in W51 Main, all located in the southwestern group of maser spots, with six masers brighter than 10 Jy beam magnetic field strengths at 1720 MHz since only σ ±1 components produce detectable masers (Fish et al. 2006a) .
The large (∼ 20 mG) magnetic fields seen in the 1665 MHz masers in W51 Main (see Figure 18 of Fish et al. 2005a) persist in the second epoch. Small changes in the magnetic field strength estimates of these two Zeeman pairs (|∆B| = 0.5 and 0.2 mG) may not be significant due to the coarse velocity resolution used in the first epoch. We also identify a second cluster of maser spots in which the magnetic field strength exceeds 10 mG. The magnetic fields we derive in W51 Main and W51 South from the second epoch of data are qualitatively similar to those obtained from the first epoch. Zeeman pairings are occasionally ambiguous in the crowded cluster near the origin, but the pairs we identify agree in sign and approximate magnitude with features in the first epoch.
The W51 South region contains several continuum sources, including e1, e4, and e8 (discovered respectively by Scott 1978; Gaume et al. 1993; Zhang et al. 1998 ). The strongest continuum source, e1, is offset from the maser emission to the southwest. Source e4 is located north of all masers in W51 South. The only 6035 MHz OH masers detected with VLBI techniques in W51 are a +3.6 mG Zeeman pair located near source e4 (Desmurs & Baudry 1998) . Their totalpower spectrum is suggestive of the existence of several other 6035 MHz masers, although it is unclear whether these would be associated with W51 d, W51 Main, or W51 South (see also Baudry et al. 1997 ). Source e8 is located approximately 2 ′′ northeast of source e1, near the center of the distribution of OH maser spots in W51 South. Based on their detection of source e8 at λ = 1.3 cm but not at λ = 3.6 cm, Zhang & Ho (1997) speculate that the continuum flux is dominated by dust emission heated from a newly-formed massive star, a conclusion supported by its high flux density at FIG. 12.-Plot of motions of maser spots in W51 Main/South. The contours indicate 22.4 GHz continuum emission, taken from the VLA archive (project code AK560). We estimate that the possible alignment error between the maser data and the continuum emission is several tenths of an arcsecond. The reference velocity frame has been chosen to minimize the total length of vectors in W51 South only. λ = 1.3 mm (Lai et al. 2001 ) compared to centimeter-wave values. A very rare ammonia (NH 3 ) (J, K) = (9, 6) maser is also seen near source e8 (Pratap et al. 1991) . This indicates that the e8 region is very energetic, since it is believed that ortho-NH 3 masers are pumped via v = 1 vibrationally-excited states (Mauersberger et al. 1988; Brown & Cragg 1991) , located about 1000 K above the ground v = 0 states.
Main-line OH maser motions are shown in Figure 12 . The OH maser motions in W51 South are strongly suggestive of expansion (Figure 13 ), possibly of a shell centered near source e8. This contrasts with NH 3 observations of source e1, which indicate radial contraction (Ho & Young 1996) . Zhang et al. (1998) claim that the material around the e8 core is contracting at a speed of 3.5 km s −1 based on line asymmetries in CS and CH 3 CN, although sources e1 and e8 are barely resolved by their beam. They also find evidence of rotation in the e8 core. To complicate matters further, Imai et al. (2002) halfway between sources e1 and e8.
The W51 Main region is associated with source e2, although most OH masers are detected to the east and south of this region. Source e2 appears to be contracting and rotating (Ho & Young 1996; Zhang & Ho 1997; Zhang et al. 1998; Sollins et al. 2004) . While source e2 is the only identified continuum source in W51 Main, it is offset from the NH 3 emission and OH masers located 1 ′′ to the northeast and the H 2 O masers located 2 ′′ to the north (Ho et al. 1983; Gaume et al. 1993 ). W51 Main also hosts an NH 3 (9,6) maser (Madden et al. 1986; Pratap et al. 1991) . As to the OH masers, the distribution of the change of separations peaks near zero but has a larger tail toward negative changes, nominally suggestive of contraction (Figure 14) . Nevertheless, it is difficult to reconcile these two features of the distribution in terms of a single kinematic mode. It is probable that there exist several massive stars or protostellar condensations driving the masers (see Imai et al. 2002) , and the disparity between the distributions of the 1720 MHz and main-line masers suggests that physical conditions vary significantly in W51 Main.
It appears that the relative separation between W51 Main and W51 South is decreasing. Figure 15 shows the change in separations between pairs of maser spots such that one spot is in W51 Main and the other is in W51 South. The distribution is peaked at less than zero. This can also be seen in Figure 12 , in which the reference frame has been chosen to minimize the total motion in W51 South. In this frame, the motions of the masers in W51 Main are clearly biased toward W51 South.
The plot of the relative pairwise expansion velocities of the masers in W51 South is shown in Figure 16 . Interestingly, the proportionality constant between radius and expansion velocity is almost exactly the same as for ON 1. But the shell of masers in W51 South is larger than in ON 1, and the expansion velocities are correspondingly higher. The line of best fit corresponds to a velocity gradient of (186 ± 7) km s −1 pc −1 . About two-thirds of maser motions are consistent with expansion (with the caveat noted in § 3.1).
The recovered maser emission in W51 is shown in Figure  17 . As with ON 1 and K3-50, the recovered maser spectra are qualitatively similar to those of Argon et al. (2000) . The range of maser LSR velocities is much greater in W51 Main than in W51 South, especially at 1667 MHz. The scatter in the distribution of the LSR velocities of the masers in W51 South is only σ vz = 2.7 km s −1 in W51 South, as compared to 7.5 km s −1 in W51 Main. Although the magnetic fields in W51 Main are larger than in the typical interstellar OH maser source, σ vz drops only to 7.0 km s −1 when maser velocities are demagnetized, indicating that the LSR velocity scatter is due almost exclusively to dynamical (rather than magnetic) effects.
In contrast, the 1 σ scatter in changes in position of the masers in W51 South and W51 Main are almost identical. In W51 South the scatter in the change in Right Ascension is σ µx = 3.0 mas and the scatter in the change in Declination is σ µy = 2.5 mas; in W51 Main, σ µx = 3.1 mas and σ µy = 2.5 mas. At a distance of 7.0 kpc, this corresponds to σ vx = 10.9 km s −1 and σ vy = 9.0 km s −1 for both W51 South and W51 Main. In W51 Main, σ vz ≤ σ vx , σ vy , an effect noted in W3(OH) as well (Bloemhof et al. 1992) . But in W51 South, σ vz ≪ σ vx , σ vy . It is probable that the expansion of the masers in W51 South is not spherical. For example, Imai et al. (2002) note from water maser proper motions the possibility of a bipolar outflow in W51 South. An expanding shell model with maser emission only from the limbs could also produce σ vz ≪ σ vx , σ vy , although the LSR velocities of the masers in W51 South, especially the blueshifted 1720 MHz masers, argue against this interpretation.
4. DISCUSSION 4.1. Proper Motions A matter of great importance is whether observed maser proper motions are due to motions of the masing material or due to nonkinematic effects, such as travelling excitation waves or random coherence in a turbulent medium. In the former case, masers can be used as point tracers of the motions of the material surrounding the central condensation of a massive SFR. But if masers arise from travelling excitation phenomena, their apparent motions do not necessarily correlate with material motions.
Several lines of evidence support the kinematic interpretation of maser proper motions. First, proper motions and radial velocities have been used to estimate source distances (D) from internal dynamics with great success (e.g., Genzel et al. 1981b) . This requires that, on average, µ x × D = µ y × D = v z , indicating that motions of brightness peaks are intrinsically related to Doppler shifts. Second, proper motions of OH masers in W3(OH) show an organized, large-scale expansion and rotation (Bloemhof et al. 1992; Wright et al. 2004) . If masers are merely chance lines of velocity coherence in a turbulent medium, large-scale organization would not be expected. Third, maser spots in W3(OH) are observed to preserve their shape over time, suggesting that the masers are physically distinct regions of material (Bloemhof et al. 1996; Moscadelli et al. 2002) . Fourth, measurements of excitedstate OH absorption in several massive star-forming regions suggest that the magnetic field of gas traced by OH masers is stronger than that traced by absorption (Fish et al. 2005b (Fish et al. , 2006b . Since the density n scales approximately as B 2 (e.g., Fiebig & Güsten 1989; Crutcher 1999) , this implies that masers are denser than the surrounding, non-masing gas. This in turn suggests that masers are physically distinct entities whose observed motions are real material motions.
In both ON 1 and K3-50, the pairwise separation between maser spots is increasing. The same phenomenon is seen in W3(OH) (Bloemhof et al. 1992; Wright et al. 2004 ). All of these sources have mature ultracompact H II regions, which are probably in expansion. Indeed, the expansion of the UCH II region in W3(OH) has been detected directly from multiepoch observations of the continuum emission (Kawamura & Masson 1998) , and the expansion speed is comparable to that determined from OH maser proper motions. This is consistent with models in which OH masers are located in the heated neutral gas between the ioniza-tion and shock fronts of an H II region (Baldwin et al. 1973; Elitzur & de Jong 1978) , a picture supported by multiple lines of observational evidence (e.g., Fish & Reid 2006) . As the H II region expands, the masers expand with it.
Maser proper motions in K3-50 appear to be faster than in ON 1, even accounting for the large uncertainty in the distance to the latter. The continuum source K3-50A is much larger than the H II region in ON 1, indicating that K3-50 is more evolved. In fact, the diameter of the continuum region is approximately 0.15 pc, which is comparable to the size of a hot ammonia core (Vogel et al. 1987; Hüttemeister et al. 1993; de Pree et al. 1995) . This is approximately the size limit (0.1-0.15 pc) beyond which ultracompact H II regions, which often have OH masers, become compact H II regions, which do not (Habing & Israel 1979) . The proper motions of the masers in K3-50 are approximately twice the speed of sound in a typical H II region (∼ 13 km s −1 ; Shu 1992), indicating that the ionization front may be nearly R-critical. As this front continues expanding outward into a less dense medium, it will accelerate, transitioning from a D-type shock (with shocked neutral gas between the ionization and shock fronts) to an R-type shock (in which the ionization and shock fronts are coincident), thereby destroying the OH masers. It is possible that this has already happened on the south and west sides of the H II region K3-50A, where no OH masers are found. Of course, we cannot rule out that the masers in K3-50 may be powered by younger, undetected hypercompact H II regions instead.
In the expansion velocity plots of ON 1 and W51 South (Figures 5 and 16 M/R, where M is the enclosed mass in solar masses and R is the radius of the region in parsecs. For reasonable values in a massive star-forming region (∼ 150 M ⊙ in 0.06 pc for W51 e2 Zhang & Ho 1997 ) the expected velocity gradient is ∼ 80 km s −1 pc −1 for v = v e . On larger scales, the velocity gradient dv/dr decreases provided that the enclosed mass grows more slowly than r 3 , while the velocity gradient increases on smaller scales.
The relative proper motion of W51 Main and South, ∼ 8 km s −1 at a projected separation of 0.2 pc, yields a minimum enclosed mass estimate of 1500 M ⊙ , assuming that the two sources are gravitationally bound. This is in line with estimates from millimeter-wavelength dust emission. Rudolph et al. (1990) obtain mass estimates of 1200 and 4500 M ⊙ for W51 e1 and e2, respectively, from their dust emission at λ = 3.4 mm, assuming clump temperatures of 100 K and a dust emissivity β of 1.5 (emission ∝ λ −β ) based on millimeter and submillimeter observations of W51 e2. Interestingly, the 1.3 mm flux density of the e1/e2 region (20.8 Jy from dust, Lai et al. 2001) corresponds to a minimum (β = 1) mass estimate of 1500 M ⊙ , using the formulation of Hildebrand (1983) and Ward-Thompson et al. (1995) and the dust absorption cross section of Beckwith et al. (1990) . These results suggest that maser proper motion measurements may in some cases provide confirming mass estimates independent of those obtained from (sub)millimeter dust emission.
It is unclear what the expected a priori functional form of the expansion velocity plots should be. For organized expansion, the relative pairwise expansion velocity should increase as the separation between the two masers increases, as is observed. The functional form depends on such factors as the geometry and thickness of the maser region as well as the acceleration (or deceleration) of the expansion. The large scatter of points on these plots prevents a detailed analysis of these expansion parameters. Even on the largest scales, the scatter in pairwise expansion velocities is comparable to the regular component, indicating that the motions of masers in SFRs are affected by a large random component in addition to an organized kinematic mode such as expansion. Random motions are seen to be quite large in comparison with maser proper motions, as is noted in water maser motions as well in some sources, including W51 Main (e.g., Genzel et al. 1981b; Gwinn 1994; Imai et al. 2002) . Despite these limitations, it is clear that the data indicate a component of expansion, rather than contraction, and that this expansion can only be seen clearly on large scales. Notably, the data do not show expansion for pairwise separations on the order of 10 15 cm, the clustering scale of OH masers in star-forming regions (Reid et al. 1980; Fish & Reid 2006) . If expanding at a typical neutral sound speed of ∼ 1 km s −1 , a cluster would double in size in less than 1000 years. The data suggest that the size of an OH maser cluster remains fairly stable over time.
Magnetic Fields
Magnetic field strengths imply reasonable densities for OH maser production. In molecular clouds, the magnetic field strength |B| is seen to vary with H 2 number density n as |B| ∝ n κ , where κ = 0.47 ± 0.08 (Crutcher 1999) . Taking a lineof-sight magnetic field strength B los ≈ 1 mG at n = 10 6 cm −3 , typical full magnetic field strengths of less than about 5 mG correspond to densities less than 10 7 cm −3 assuming random magnetic field orientations (in which case B los = |B|/ √ 3 statistically). This density is comfortably within the range in which ground-state OH masers are predicted to appear (e.g., Pavlakis & Kylafis 1996; Cragg et al. 2002) . Our largest magnetic field strength of 20.9 mG would thus be expected to correspond to a density of several times 10 8 cm −3 , with an uncertainty of a factor of several due to the uncertainty in κ as well as the natural scatter of data points as seen in Figure 1 of Crutcher (1999) . The highest density that can produce a detectable 1665 MHz maser depends on other parameters (such as gas and dust temperatures) but is approximately 2 × 10 8 cm −3 in the Cragg et al. (2002) models. The scarcity of OH masers indicating magnetic fields of 20 mG or larger constitutes evidence in support of an upper limit of n 10 8 cm −3 for OH maser production. Confirmation of the previously-noted large magnetic field in W51 Main (Fish & Reid 2006 ) is therefore an important result of the present work.
We find no evidence that the magnetic field strengths in ON 1 or K3-50 are changing with time over the 4-year baseline of our observations. Observations of Cep A over a span of more than 20 years have shown that the magnetic field strengths in two Zeeman pairs are decreasing with time (Cohen et al. 1990; Bartkiewicz et al. 2005 ). Cohen et al. speculate that the decrease in magnetic field strength is due to the expansion of the gas around the central star. Based on the rate of field decay, they estimate an expansion age of 500 yr for Cep A, which agrees with the 1000 yr age estimate for the young massive stars in Cep A by Hughes (1985) . Both ON 1 and K3-50 are much older SFRs, with dynamical ages over 1000 and 5000 yr, respectively, based on the OH maser mo-tions obtained in this work (and also reflected in the size of their H II regions). Thus it is not surprising that the magnetic field strengths in our sources are not observed to vary. As for W51 Main and South, Zeeman pairings are occasionally ambiguous due to the clustering of maser spots. However, the magnetic field strengths and directions we obtain are consistent with those deduced from the first epoch of observations 9 years previously. The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc.
Facilities: VLBA a LSR velocity, line width, and brightness are fitted quantities when available. When a maser has not been detected in at least three channels including at least one channel on either side of the peak, no line width is given, and the brightness and LSR velocity refer to the channel of brightest emission. b Corresponding maser feature number in Fish et al. (2005a) . c See §3.1. 
